In this paper, we propose a framework for the design of massive open online courses (MOOCs) based upon the principles of self-determination theory, which posits a relationship between intrinsic motivation and the basic psychological need for autonomy, competence, and relatedness. We also report the results of design-based research that evaluates the application of the framework to a MOOC titled "Elite Sport Performance: Psychological Perspectives". Satisfying basic psychological needs is theorised as central to course design in order to foster intrinsic motivation, optimise engagement, and improve the retention of course participants. We chronicle the design, implementation, and evaluation of the course, providing examples of support features and learning activities. The course was offered over a period of four months, receiving more than 1000 registrations from across the world. Engagement measures, completion indices, and intrinsic motivation scores are reported as well as sample testimonies from learners. Results offer preliminary evidence that a design framework incorporating selfdetermination theory has utility in the development of MOOCs that successfully engage learners.
Introduction
The dynamics of engagement and motivation within massive open online courses (MOOCs) is an area of great interest for learning designers and researchers in the learning sciences (Ferguson et al., 2015) . MOOCs represent a particular learning context in which barriers to access are low when compared to traditional higher education but dropout rates are typically high, with median completion rates of just 12% found in a metaanalysis of 221 courses (Jordan, 2015) . In order for MOOCs to achieve their potential, a mature understanding of how to design for this medium is required (Downes, 2009) . Our paper focuses on the motivational needs of participants in MOOCs and how courses can be designed for sustained engagement. We address the question of how engagement can be optimised within a learning environment where participants may choose to leave at any time and where dropout is a normative event. To answer this challenge, we apply the principles of selfdetermination theory (Deci & Ryan, 2000) , an established theory of motivation, behaviour, and well-being that aims to explain the conditions under which humans come to act with agency, volition, and engagement.
Self-determination theory is a psychological theory of motivation that has received increasing interest in the MOOC literature (e.g., Khan et al., 2017) and many other disciplines due to its utility in explaining engagement phenomena. In diverse domains, the application of principles from self-determination theory have been shown to lead to increased intrinsic motivation (e.g., Guay, Ratelle, & Chanal, 2008; Ng et al., 2012) . However, to the authors' knowledge, no work has yet aimed to help learning designers apply the theory to the design and creation of MOOCs. In this paper, we offer an account of how the application of selfdetermination theory by learning designers might benefit learners. The theoretical foundations for a design framework are described and assessed via the development, implementation, and evaluation of a MOOC in sport psychology, titled "Elite Sport Performance: Psychological Perspectives" (Terry & Martin, 2015) . Selfdetermination theory was chosen because components of the theory have a focus on the internal and selfcongruent needs of the individual. We assume that individuals who sign up for a MOOC are at a minimum expressing an interest in taking part, and therefore course developers would wish to foster and maintain the intrinsically motivated engagement of course participants. In addition, self-determination theory specifies the conditions in which interest and enjoyment may be supported or thwarted, and therefore was selected as a relevant motivational theory to inform the design of a MOOC. We adopted a design-based research methodology to formulate a theory-based framework, and then test the framework in a real-world learning scenario. Our findings provide preliminary evidence to suggest that self-determination theory may be well suited to the design of MOOCs.
Background
A central challenge in the educational design of MOOCs is the necessity to motivate and engage learners within an environment that can be exited with a single click (Barak, Watted, & Haick, 2016; Salmon, Pechenkina, Chase, & Ross, 2017) . No learning design strategy can guarantee optimal engagement, although there has been some success using networked learning and connectivist approaches (Downes, 2013) as well as applying traditional instructional design techniques to the open online environment (Margaryan, Bianco, & Littlejohn, 2015) . How to design for engagement remains a dynamic and debated space, with a breadth of research in this area (e.g., Gütl, Rizzardini, Chang, & Morales, 2014; Hew, 2016) . However, no clear guide exists for how to design for engagement within MOOCs, which specifically considers the intrinsic and autonomous nature of motivation needed in this particular context. To address this gap in the literature, we advance an argument for self-determination theory as a basis for open online design through targeting "specifiable psychological and social nutrients" (Ryan & Deci, 2017, p. 82) .
Theoretical foundations in self-determination theory
Self-determination theory is a theory of motivation that specifies the social-contextual variables fundamental to optimal human functioning, growth, and well-being. The theory postulates that humans are innately agentic and information seeking, with a natural tendency to explore their environment, learn about their world, and integrate new experiences into an organised and coherent sense of self. The theory is utilised in many areas of applied research, including education (e.g., Reeve & Lee, 2014) , organisational studies (e.g., Gagné et al., 2015) , sport and exercise psychology (e.g., Matosic et al., 2017) , psychotherapy (e.g., Britton, Patrick, Wenzel, & Williams, 2011) , health and medicine (e.g., Niven & Markland, 2016) , and recreational activities (e.g., Rogers, 2017) .
Early work in self-determination theory examined motivational processes and in particular how reward contingencies (e.g., money) and the social environment (e.g., giving proximal feedback) affect intrinsic motivation (Deci, 1975) . Intrinsic motivation can be defined as undertaking an activity for its perceived inherent qualities or, put simply, because it is interesting and enjoyable (Deci, 1975; Ryan & Deci, 2017) . In an open online learning environment such as a MOOC, intrinsic motivation is an important psychological construct to consider, because the barriers to access are relatively low when compared to traditional forms of education (e.g., no course fees). Furthermore, engaging with such courses from a learner perspective is a volitional activity and the learner can choose to disengage with minimal penalty.
Self-determination theory places an emphasis on individual "sense of choice, volition, and commitment" (Deci & Ryan, 2010, p. 2) , which is defined as autonomy, one of three basic psychological needs along with competence and relatedness. These universal needs are the psychological "nutriments" (Deci & Ryan, 2002, p. 6 ) that are essential throughout life for "ongoing psychological growth, integrity, and well-being" (Deci & Ryan, 2000, p. 229) . A vast body of empirical research in self-determination theory has demonstrated that when these needs are satisfied, they predict a range of positive functional outcomes in terms of quality of motivation, self-regulation, learning, organisation and integration, vitality, and well-being.
Optimised social environments that satisfy basic psychological needs (e.g., opportunities for choice, to be effective and gain mastery, or that involve close interpersonal relationships), are said to provide needs support. In relation to intrinsic motivation, self-determination theory postulates that social and environmental conditions that support autonomy, competence, and relatedness will enhance intrinsic motivation, whereas conditions that foil these basic psychological needs will undermine intrinsic motivation (Ryan & Deci, 2017) . We suggest that the consequences of diminished intrinsic motivation in the particular context of a MOOC will lead to a loss of persistence and eventual dropout from the course. People engage with MOOCs against the backdrop of other salient aspects of their life, such as work or other studies, and therefore optimising design for intrinsic motivation becomes even more important given that the chances of withdrawal are very high.
The first basic psychological need articulated in self-determination theory is the need for autonomy. Autonomy is characterised by authentic behaviours and actions that emanate from and are fully endorsed by the self (Ryan & Deci, 2017) . It sits in contrast to heteronomy in which behaviours are regulated by controlling forces either internal (e.g., guilt) or external (e.g., rewards or punishments). When the need for autonomy is satisfied, individuals are more likely to perform at their best (Adie, Duda, & Ntoumanis, 2008) , be creative (Sheldon, 1995) , engage and persist with activities (Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004) , feel psychologically well (Ryan & Deci, 2001) , and form and maintain high-quality social relationships (Deci & Ryan, 2014) . Self-determination theory predicts negative outcomes when no autonomy is experienced, such as reduced interest and persistence, and potentially a host of other undesirable psychological consequences.
The second basic psychological need identified in self-determination theory is the need for competence. Competence relates to an innate need to learn and master new skills and abilities (White, 1959) , and to be effective in activities that matter to the individual. Competence as a construct has long been empirically associated with motivation, although the role of autonomy support in enhancing competence differentiates self-determination theory from other motivational theories such as self-efficacy theory (Bandura, 1995) , which negates the relevance of autonomy (Niemiec & Ryan, 2009) . More specifically, self-determination theory predicts that competence increases in a social environment that is autonomy supportive, and that feelings of competence will persist over time (e.g., Black & Deci, 2000) . Some of the earliest research findings into intrinsic motivation found strong evidence to support the interaction of autonomy support and competence in sustaining or diminishing intrinsic motivation (Deci, 1975) .
The third basic psychological need specified in self-determination theory is the need for relatedness. Relatedness, like autonomy and competence, facilitates high-quality motivation and describes a human need to form close interpersonal relationships (La Guardia & Patrick, 2008) , to feel connected to and care for others (Ryan, Huta, & Deci, 2008) , and to belong to a group (Baumeister & Leary, 1995) . Relatedness plays both a proximal and distal role in fostering intrinsic motivation depending on the context. Having immediate social connectivity is not a prerequisite for intrinsic motivation in many circumstances. When participating in an activity, one can feel a rich sense of enjoyment and interest without the need for others to be present. However, close attachments and secure relationships do have a supporting function even in singular pursuits.
Self-determination theory in educational settings
Self-determination theory has been applied in a wide range of educational contexts. Researchers have investigated classroom motivation and engagement (e.g., Ryan & Deci, 2009 ), autonomy-supportive versus controlling teaching practices (e.g., Sarrazin, Tessier, Pelletier, Trouilloud, & Chanal, 2006) , parental roles in student learning (e.g., Roth, Ron, & Benita, 2009) , need satisfaction in deep and conceptual learning (e.g., Jang, Reeve, & Halusic, 2016) , and the potentially undermining effect of standardised testing on student motivation and teaching climate (Deci & Ryan, 2016) .
In a higher education context, Sørebø, Halvari, Gulli, and Kristiansen (2009) investigated university and college teacher continuance of e-learning tools in the classroom. They concluded from their experimental findings that the basic psychological need of competence coupled with perceived usefulness is the strongest predictor of usage continuance. In an investigation into a university online course, Chen and Jang (2010) emphasised the importance of ongoing support of basic psychological needs within the learning environment. Their findings suggested that the satisfaction of basic psychological needs had a mediating effect on learning outcomes, presumably by supporting intrinsic or other autonomous forms of motivation. Tschofen and Mackness (2012) noted the conceptual links between autonomy as characterised in self-determination theory and understanding individual behaviours within networked learning contexts. The authors also highlighted limited technology skills and difficulties with the learning interface as factors that may have a negative effect on feelings of competence in the online environment. Recently, Marzouk et al. (2016) proposed that learning analytics design should be grounded in self-determination theory to better support self-regulated learning.
In the open education space, research that links self-determination theory to open practice is limited but has the potential to grow, given the philosophical synergies. Simpson (2008) , for example, proposed that a substantive motivational theory should be applied to learners in open and distance learning environments, suggesting self-determination theory as a possible contender, and specifically proposing meaningful choice as a key aspect for motivating learners. Others have proposed self-determination theory as an appropriate frame of reference for understanding MOOC engagement (e.g., Hew, 2016) , while highlighting the challenges of balancing self-determination and facilitation within the confines of an 8-week MOOC (Beaven, Hauck, Comas-Quinn, Lewis, & de los Arcos, 2014).
Self-determination theory measures have been used to evaluate basic psychological needs satisfaction in a MOOC environment. Durksen, Chu, Ahmad, Radil, and Daniels (2016) conducted one of the first published evaluations of a MOOC that assessed the satisfaction of basic psychological needs empirically. Findings from Zhou (2016) in a Chinese MOOC context indicated that autonomous motivation (e.g., intrinsic motivation) plays a central role in terms of continuance intention, and therefore learner-centred design approaches should be a priority for designers. Beaven, Codreanu, and Creuzé (2014) assessed levels of intrinsic motivation in a language MOOC using the Intrinsic Motivation Inventory (IMI; Plant & Ryan, 1985) . Perhaps of most relevance in terms of the unique design context of MOOCs, Beaven, Codreanu, and Creuzé (2014) identified factors that created pressure and tension for MOOC participants, including imposed time limits and issues of perceived efficacy.
Methods
This paper provides preliminary data about the potential for application of principles from self-determination theory to improve participant engagement within a MOOC. The literature attests to high attrition rates in open courses (Veletsianos & Shepherdson, 2016) , and the theoretical explanations for these dropouts suggest that an overarching challenge of learning design for MOOCS is the maintenance of learner motivation and engagement (e.g., de Barba, Kennedy, & Ainley, 2016 ). An exploratory design study was conducted in which the principles of self-determination theory were used to inform the design for an open, online course, based upon a framework for how learning design can address the three basic psychological needs of autonomy, competence, and relatedness. The goal of the framework is to articulate specific design considerations for MOOCs to provide a bridge between theory and practice.
Design-based research as a methodology has emerged in response to the challenge in educational research presented by the messiness of the open world and the inability to control variables as one can in a laboratory experiment (Cobb, Confrey, diSessa, Lehrer, & Schauble, 2003) . Design-based research is well suited for the educational paradigm, in which strong theoretical foundations form the basis for the design of learning interventions which can be iteratively reported upon and improved (Barab & Squire, 2004; Collins, Joseph, & Bielaczyc, 2004) . The present study takes the form of design-based research, where a grounding in theory leads to the development of a framework, which is implemented to establish preliminary results. A MOOC was implemented and results gathered, in the form of course statistics, engagement measures, and participant short answer responses. These results do not allow for generalisation about the utility of the framework beyond "petite generalization" (Stake, 1995, p. 7) . However, the study does serve the purpose of design-based research to "advance a particular set of theoretical constructs that transcends the environmental particulars of the contexts in which they were generated, selected, or refined" (Barab & Squire, 2004, p. 5) .
In the present study, we apply self-determination theory to MOOC design principles that, based upon the theory, are likely to lead to higher quality learner motivation and engagement -two key factors in improved retention. We first propose a theory-informed framework for self-determination in MOOC design, and then report on an evaluation of the framework under the conditions of a "live" MOOC.
A framework for self-determination in the design of MOOCs
Existing frameworks for MOOC design tend to focus on links between design elements and learning goals and outcomes (e.g., Guàrdia, Maina, & Sangrà, 2013; Yousef, Chatti, Schroeder, & Wosnitza, 2014) . Terms such as "engagement" and "participation" are frequently used within the MOOC literature, although the design proposals to address them are rarely identified or clearly linked to established psychological constructs. The aim of the proposed framework was to develop actionable design principles that can be used by MOOC learning designers for improving learner motivation, engagement, and retention. The proposed framework for the design of MOOCs (see Figure 1) was developed from the theoretical foundations proposed by self-determination theory, and using the literature on designable elements within MOOCs (e.g., Peters 2014) as well as experience in MOOC design. The process used to develop the framework is described in detail by Martin (2017) .
Firstly, the framework gives primacy to autonomy, where course design aims to create a non-pressurised environment that allows the learner to regulate their own learning, work at their own pace, and provide a degree of choice in the learning tasks with which to engage. In the framework, we propose that autonomy is supported through design that:
 offers meaningful choice;  allows self-paced learning and sets no deadlines;  limits task imposition and reward contingencies; and  provides task involvement, immersion, and a sense of presence.
Secondly, growth in perceived competence is developed through features that support the learner to build an understanding of theory, concepts, and applications to be mastered. We propose that competence is supported by design that:
 provides structure, supportive information, and clear task rationales;  creates an optimal level of challenge;  gives an indication of progress; and  provides positive and constructive feedback with unexpected rewards.
Finally, relatedness plays an important role in the proximal fostering of intrinsic motivation. We propose that relatedness is supported by:
 encouraging interaction between course participants;  having a warm and friendly approach in course communication; and  taking the internal frame of reference of the learner.
Such design principles are not new to learning designers, although the framework makes an original contribution by identifying how they relate to universal human needs that have been widely investigated in psychological research, and how they can be applied in a systematic and beneficial way within the design of open online learning. 
Evaluation study
Preliminary evidence to test the framework is provided via an evaluation of the design, delivery, and analysis of "Elite Sport Performance: Psychological Perspectives", a free and open online course to introduce learners to the psychology of elite sport performance and mental training techniques. The course was created to broaden access and understanding of professional approaches to the psychology of elite sport performance and provide learners with practical understanding of the psychological dynamics of elite sport. It was developed over a 6-month period using the self-determination theory framework described in Figure 1 and was intended to take approximately 40-60 hours to complete.
The course was hosted on a WordPress platform with scalable server architecture. A commercially available plugin called LearnDash (https://www.learndash.com/) was utilised to provide the learning management functionality. LearnDash has a number of features that made it suitable for this course. First, learning content could be structured to meet the specification mapped out in the planning stages of the course. Second, it could be wholly integrated with other plugins so that, for example, a discussion forum was added to the course. The course was integrated with native WordPress registration features allowing users to easily register and enrol. Third, the learner could sequentially unlock content as they progressed through the course, with the intention of increasing their perceived sense of competence and autonomy satisfaction over time. Finally, for anyone with experience of WordPress development, LearnDash was a relatively easy product to install and integrate with other functionality. The course ran from October 2015 to March 2016. A screenshot showing the look and feel of the course is shown in Figure 2 and an overview of the course structure is provided in Figure 3 . The course was designed for learners to understand various psychological skills, techniques, and interventions associated with elite performance in sport and later apply them to an authentic learning scenario through the development of a mental training program for a hypothetical athlete.
The course was evaluated using web analytics, surveys of perceived basic psychological needs support, and open-ended feedback from course participants. A comprehensive description of "Elite Sport Performance: Psychological Perspectives" and a comparison of the designed course with a prior offering of the course were reported by Martin (2017) . An evaluation of a previous offering of the course reported only sporadic engagement and an extremely high attrition rate, leading us to reconceptualise the course from the ground up. In the present paper we focus on two outcome measures: First, the completion rate of learners taking the course and their level of engagement with the content offered; and second, the post-course survey completed by participants in order to understand learners levels of engagement and evidence of intrinsic motivation driving that engagement. Ethical approval for the research project was provided by the University Human Research Ethics Committee (Approval No. H15REA007).
The various elements of the framework are described sequentially according to their instantiation in the course. The study provides a real-world example of how self-determination theory can inform the design of a course and, we argue, have a positive impact on the motivation and engagement of learners. 
Designing for autonomy

Meaningful choice
The course designer can offer choices to the learner as they navigate their own pathway through the course content, using information that is both meaningful and helpful to the learners. Meaningful choice opportunities occurred throughout the course, with learners being informed that they could engage with as much or as little as they wanted with the learning activities presented, depending on their own interests. Perhaps the clearest example of choice occurred in the final learning activity, where learners designed a mental training program for a hypothetical elite athlete. Eight realistic athlete personas were created, each representing a performer from a specific sport presenting with one or more psychological issues pertinent to the topic areas covered in the course; for example, a golfer with a putting problem that was beginning to adversely affect his mood. Figure 4 provides a screenshot of an example persona. It can be seen that the learner is provided with a brief summary followed by a downloadable detailed description and task. To complete the final task, which was to design a customised mental training program, learners chose one of the eight personas based on their own sporting preferences or a particular therapeutic intervention that interested them. 
Self-paced learning with no weekly deadlines
The course was designed to remain open for a 4-month period giving learners sufficient time to complete the course, but also leap ahead if they wished to work within a specific time period more suitable to them. This design decision afforded flexibility in approach to the learners' personal time with the aim of sustaining their engagement. The course was designed in such a way that no time-dependent activities were embedded in the course (e.g., group work often seen in other learning settings). This is in line with research by Amabile, DeJong, and Lepper (1976) , which offered evidence that the imposition of deadlines undermines intrinsic motivation. Informal learning within a MOOC must integrate with other aspects of learners' lives, and the imposition of deadlines runs the risk of creating unnecessary external pressure, thereby undermining learner intrinsic motivation and increasing the risk of withdrawal if they fall behind. Closure of the course after 4 months represented an artificial but necessary endpoint, for the practical reason that the final data set had to be downloaded and analysed, which was explained to learners from the outset. The course was reopened once data evaluation was completed, allowing learners to continue to access the course materials if they wished.
Limiting task imposition and reward contingencies
Although the course had a final objective of creating a mental training program, a design requirement was that all tasks were optional, and had appropriate supporting information, a clear purpose, and opportunities for self-reflection to consider concepts in relation to learners' own worldview and experience. Learners were therefore able to choose the activities with which they wished to engage rather than have mandatory tasks. In effect learners were encouraged to follow a path that matched their own interests and levels of enjoyment. Furthermore, reward contingencies such as badges or formal qualifications were absent from the course as they were hypothesised to potentially undermine intrinsic motivation (see Deci, 1971 ) in this particular learning context.
Task involvement, immersion, and presence
Task involvement is strongly associated with intrinsic motivation (Papaioannou, Theodosiou, Pashali, & Digelidis, 2012) . When learners are task involved, they undertake an activity because of its inherent qualities. It can be contrasted with ego involvement in which learners place a contingency on their own self-esteem based on performance outcomes -often a feature of traditional education. Immersion is associated with task involvement and feelings of presence in both digital and real-world environments; learners feel less distracted by external stimuli and can fully attend to their immediate surroundings. Immersion is particularly important in digital contexts where high-quality images that draw the eye or professionally produced videos can immerse the learner and thereby foster intrinsic motivation. An example of an immersive and involving task was the concentration grid exercise ( Figure 5 ). The exercise placed the learner in the moment, where their sole focus was on the task at hand. It was developed to allow learners to assess how many numbers they could find on a randomised grid in a 1-minute period, which could be repeated unlimited times to try to improve their personal best score. No value was placed on their score, but rather an explanation was provided to illustrate how difficult it can be to shift attention from one thing to another in a pressurised context, analogous to the conditions experienced in sporting competition.
Figure 5. Concentration grid exercise
Applying design to support competence
A key design goal to support competence was to facilitate "growing and experiencing challenge to current ability and knowledge" (Baard, 2002, p. 264) . The course included techniques to help develop competence, including authentic learning tasks and access to expertise (Herrington, Reeves, & Oliver, 2010) , and a usercentred design approach to creating the course interface (Norman & Draper, 1986) . Features grounded in selfdetermination theory created an online learning environment that offered optimal challenges and encouraged the development and mastery of new skills to be used subsequently in applied contexts.
Supportive information, structure, and clear task rationale
Providing relevant, timely, and supportive information helps to facilitate competence (see Ryan & Deci, 2017) . During the course, learners received:
 content divided into manageable blocks (see Figure 3) and written in an accessible web-friendly style;  information relevant to navigating the course content;  instructions on using the course interface;  supporting information on how to approach a specific learning activity; and  a clear rationale for all tasks so that learners understood the inherent requirements of the activity.
Optimal challenge
Designing optimal challenge for a diverse set of learners from different parts of the world in an open online context is difficult to achieve, given that individual baseline knowledge and educational attainment are unknown. However, optimal challenge is an important ingredient in building a perceived sense of competence (Guadagnoli & Lee, 2004) . The design of this course therefore aimed to increase the probability of learners being optimally challenged by:
 developing learner profiles (personas) of potential course registrants;  providing information on course level and target audience;  offering opportunities to extend learning via increasing levels of challenge as the course progressed; and  allowing learners to set their own goals.
For those learners who for any reason were outside of their comfort zone, there were opportunities to seek assistance. For example, a course facilitator was available who responded to queries within 24 hours. More complex questions on the psychology of elite sport performance were forwarded to the course convenor, who had experience of providing psychological support to more than 1000 international and professional performers, including a host of Olympic medallists. Furthermore, learners could communicate with each other via the online forums.
Perceived sense of progression and recognition of success
A sense of progression by completing tasks also builds a sense of competence (e.g., Ryan, Rigby, & Przybylski, 2006; Schunk, 2003) . This was provided via mechanisms such as a progress bar, motivational messaging, and course communications that recognised success. As learners progressed through the course, they marked each unit of learning as complete. For example, on completion of the mood and emotion module, they clicked the completed button and moved onto the next module. This progress was recorded and reinforced on future logins, allowing learners to progress from where they left off in their previous session.
Emphasis on positive and constructive feedback with unexpected rewards
Self-determination theory focuses on the supporting informational features of a motivational climate to develop competence (see Ryan & Deci, 2017) . Put differently, positive feedback that contains content from which meaning can be constructed is vital in terms of building competence. For example, a sample response from the course convenor is provided below in relation to a task in which learners considered the importance of self-talk in emotional regulation. Note how the content of the positive feedback sits alongside its constructive nature:
That's a great point you make about considering how self-talk is delivered rather than just considering the content. "It's not what you say but the way that you say it" so to speak. Definitely something to be considered if working with an elite athlete to improve self-talk.
Close attention was given to the tone and voice of all course communications so that learners would feel that every contribution would be received positively to build rather than undermine a sense of personal efficacy.
In addition, unexpected rewards through a series of weekly merit awards were offered. Unexpected rewards are rewards that are unknown to an individual when they initiate and engage with an activity (Lepper, Greene, & Nisbett, 1973) and unlike expected rewards do not have an undermining effect on intrinsic motivation (Deci, Koestner, & Ryan, 1999) , but may enhance enjoyment (Tang & Hall, 1995) .
Applying design to support relatedness
Provide opportunities to connect with others. The issue of developing meaningful and close relationships within MOOCs is problematic due to the sheer size of the participant pool. However, offering opportunities for participants to connect was a design feature of the course. The provision of a course forum offered a platform for learners to connect with each other, to share ideas, experiences, opinions and personal insights, and to co-construct knowledge. In addition, the course facilitator helped to weave themes together when responding to discussion points. Contact with the course development team was integrated into the design via responding to requests in the course forum, or via comment boxes or email. In sum, over 800 posts were made. Each learner was personally welcomed to the course and encouraged to contribute to the forums.
Warm interactions and friendly style
Feedback to learners, the language style of course content, and responses to questions were welcoming, respectful, and authentic throughout the course duration. The communication style of the content balanced authority and expertise with a warm and equitable tone that was both inclusive and encouraging. Finally, moderators were provided with guidelines from the course development team to politely request that all course participants to be respectful in their interactions with other learners.
Taking an internal frame of reference of others
The design incorporated an internal frame of reference (Rogers, 1957) , in which the individual context of learners was considered and appreciated. Three design approaches were used to promote an internal frame of reference:
 the creation of learner personas to provide a rich profile of possible users with varying backgrounds, interests, and contexts;  usability testing to better understand perceptions and possible frustrations when interacting with the course; and  a warm and caring communication style.
Adopting an internal frame of reference through techniques such as persona creation is an approach commonly used by web professionals to represent models of users of a website as real people. Their main purpose is to act as a reference throughout the design life cycle to illustrate the behaviours, attitudes, and motivations of a website user. Personas can be brought out at different points to help inform the design of the user experience and answer questions like "What would Jane do here? What would she think? Is this going to work?" From a self-determination theory perspective, the creation of personas also offers the designer the opportunity to take the perspective of possible course participants when there is no direct access beforehand.
Results: Demonstrating the outcomes from the course
The aim in providing results from the MOOC "Elite Sport Performance: Psychological Perspectives" is to offer preliminary evidence of the success of the design principles, to support further iterations of design research. It should be recognised that any MOOC, by virtue of being open and online, has many uncontrolled variables. Further, this study considered only a single MOOC. As a result, the connection between the results from the course, in terms of engagement and retention, are associated with the framework but cannot necessarily be attributed to it. In following the design-based methodology, we present these results to support further studies that may elaborate upon the principles embodied in the framework.
Course data
At the official closure of the course, a total of 1007 participants had registered, of whom 745 initiated the course. Web analytics data indicated that learners were from 73 countries. A demographic survey completed by 345 participants is summarised in Table 1 . Figure 6 provides an overview of course progression, as indicated by the endpoint of participation. Exactly 200 participants completed the course, including the submission of a mental training program (the final assessment), representing a completion rate of 20%. Establishing definitively what constitutes a "successful" completion rate is problematic, although we contend that the typical completion rate reported for MOOCs of 12% (Jordan, 2015) provides a useful rule of thumb, suggesting that the course had a better-than-average completion rate. Completing participants had finished all modules in sequence before submitting their mental training program and receiving a certificate of completion. A further 71 participants completed all learning modules but chose not to submit a mental training program. If these participants are included, the course completion rate rises to approximately 27%. In addition, using a benchmarking metric proposed by Jordan (2015) in which completion rates are calculated as the proportion of learners who completed the course against the total number of learners who engaged with some learning content (as opposed to those who registered but had no engagement with the course at all), the completion rate is much higher. Restricting the analysis to those who completed at least the introduction module, the completion rate rises to 39%.
It can also be seen that 495 participants (approximately 49% of all course registrants) had no meaningful engagement, not even progressing to the "Welcome to the Course" page. In total 241 (or 24%) participants fell somewhere in the middle, or more specifically, engaged with the course to varying degrees without completing the course. These participants range from those who completed the "Welcome to the Course" module (n = 115) to those who progressed through to complete the later modules of "Concentration", "Imagery", and "Music" (n = 14) and therefore engaged to a significant level without reaching the endpoint of the course. 
Post-course data
The post-course survey was administered over a 3-week period from March to April 2016 and sent to course participants who completed or almost completed the course. The post-course survey received 143 responses, using the Intrinsic Motivation Inventory (IMI; Plant & Ryan, 1985) to assess aspects of intrinsic motivation. The IMI is a flexible and widely used tool that has been used in several innovative experimental contexts (e.g., Hanus & Fox, 2015) . The IMI includes 7 scales to assess constructs related to intrinsic motivation: interest and enjoyment, perceived competence, effort and importance, pressure or tension, perceived choice, and value and usefulness. Two items from each sub-scale were selected and randomised prior to distribution via a Qualtrics online survey. The IMI has a mean internal consistency (Cronbach's alpha) coefficient of .85 (McAuley, Duncan, & Tammen, 1989) . Items were adapted slightly in accordance with the IMI guidelines to better fit the MOOC context. For example, the interest and enjoyment item "I enjoyed doing this activity very much" was modified to "I enjoyed doing this open online course very much". In addition to the 14-item measure, an open-ended question was added for participants to provide qualitative feedback on the course. Table 2 includes the IMI survey results. Scores were self-reported on a 1-7 scale where lower end scores (i.e., 1-3) represent not at all true, scores around the median (i.e., 3-5) represent somewhat true, and higher end scores (i.e., 5-7) represent very true. High mean scores of 6.03 (SD = 1.03) were reported for enjoyment of the course and 6.26 for interest in the course (SD = 0.85). Scores were also high for items related to competence, effort and importance, perceived choice, and value and usefulness. Generally, participants felt relaxed (M = 6.10, SD = 1.03) and under little pressure (M = 2.41, SD = 1.62) participating in the course. Scores for relatedness were proportionally lower as reflected in feelings of closeness to other learners (M = 3.13, SD = 1.73) and wishing to interact with others more often (M = 4.78, SD = 1.73). Participants reported that several conditions supporting intrinsic motivation were in place, such as an absence of pressure and perceived choice. The data provide evidence of high-quality motivation and a needs-supportive environment. Learners felt competent, found the course useful and personally important, and were willing to put in effort.
Finally, the proximal role of relatedness was proportionally lower, but apparently less important to overall engagement in this particular context. 
Discussion
The evaluation data for "Elite Sport Performance: Psychological Perspectives" provides evidence of a MOOC that appears to have sustained activity and produced strong engagement. The creation and submission of a mental training program, for example, represented a genuine commitment on the part of learners, especially considering that they received no formal qualification beyond a certificate of completion for completing the course. The so-called funnel of participation (Clow, 2013) was evident in this course, with more than 1000 participants registering for the course, but only 271 completing the final course module and 200 submitting a mental training program.
Self-report data collected from a post-course survey of participants provided evidence of intrinsic motivation, engagement, and positive learner sentiment towards the course. The positive responses to the course engagement questionnaire and additional qualitative data were encouraging, and contained emergent themes of interest and enjoyment, perceived competence, autonomy support, and individual learning. Furthermore, many participants expressed praise and gratitude towards the course, possibly because they had received a high-quality learning experience at no financial cost and appreciated the efforts of the course team. Data from the IMI survey suggested that participants felt that their autonomy and competence needs were supported by the course to a large degree, although it is notable that while participants did feel relatedness they felt it to a lesser degree. Achieving relatedness within MOOCs is a continuing challenge for learning designers, which was evident in the present course and is consistent with the findings of Durksen et al. (2016) .
Our aim in this paper was to use a theory-based approach, grounded in self-determination theory, to consider how engagement might be nurtured within MOOCS -a learning environment where participants may choose to leave at any time and where dropout is a normative event. Using self-determination theory, a framework was articulated for how learning designers might support the three basic psychological needs of autonomy, competence, and relatedness to help foster intrinsic motivation for open online learning. This framework does not, in a point of difference from other frameworks for MOOCS, address learning directly -rather, it posits principles for improving engagement, motivation, and retention.
A design-based methodology has been followed, and this work represents a first iteration in which design principles have been formulated and tested in a real-world situation with 1007 course participants. The results support further application of the framework to see whether the findings are repeatable and generalisable to other contexts. A necessary consideration in future research is the role of learning designers. In the present study the researchers themselves, with learning design experience, attempted to implement the framework. In future studies, it is recommended that learning designers external to the research team are recruited to test how applicable the framework is to learning designers who do not have in-depth familiarity with the principles upon which it is based.
Evaluating the application of a psychological theory in an open online educational environment has significant challenges and limitations. The environment in which the research was conducted was dynamic and involved real-world activity as opposed to experimental conditions, and included a diverse cohort of learners. Future research would benefit from examining learner diversity and issues pertinent to broader life goals and well-being outcomes when engaging in MOOCs in a completely autonomous way. Further examples of direct measurement of needs satisfaction in line with design principles are required. However, despite these potential limitations, the central argument for the utility of the framework rests upon its consonance with a well-established theory of motivation and the existing learning design literature.
An important aspect of MOOC design that has not been addressed in this paper, but nevertheless is a vital component, is the aesthetic properties (e.g., clean interface, high-quality images) and user experience (e.g., speed of access, ease of navigation) of interacting with the learning interface. We would recommend incorporating some best practice in user-centred design techniques to attempt to optimise the user experience. This project drew on the recommendations of Krug (2014) , Norman and Draper (1986), and Peters (2014) . Quality interface design will be crucial in engaging and sustaining learner involvement in MOOCs.
Designing for MOOCs presents a unique challenge due to the diverse range of learner contexts, lack of formal extrinsic motivational factors, and challenges to learner engagement. This paper has proposed that selfdetermination theory has a strong foundation within the literature as a basis for fostering the intrinsic motivation of learners. We have proposed that it could be applied to the context of MOOC learning design to serve as a guide for creating courses that support autonomy, competence, and relatedness, and have presented a framework that details strategies for how this can be realised. Autonomy can be encouraged by creating pathways that involve meaningful choice and limited extrinsic pressures. Competence can be promoted by offering a structured environment that presents real-world challenges and opportunities for mastery without the high-stakes evaluation of traditional education. Relatedness can be achieved by providing a climate that offers warmth and opportunities for connection, although this remains a challenge for learning designers.
The development of "Elite Sport Performance: Psychological Perspectives" demonstrates a real-world example of how a self-determination theory design framework can be applied. An evaluation of the course has shown how each of these design principles for open online learning can be implemented. Findings support the need for further research into the potential for the framework to be utilised in broader contexts to improve intrinsic motivation, engagement, and retention.
